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OH TBE HECHAHISM OF. COLD-FLAME COMBUSTION 


V. Kondrat’yev, L. Karmilova 
Ye. Kondrat 'yeva 
Inst of Chem Phys 
Acad Sci USSR 


^able and figures referred to are appended_J^ 


The application of a thermo-couple coated with ZnO-CroOo, the heating of 
which depends on the catalytic recombination of H atoms, has made it possible 
to detect and de^rmine quantitatively the concentration of atomic hydrogen in 
“2 L T_/ “d CO J_ 2__/ flames . By means of this method the presence of atomic 
H and its concentration in C 2 H 0 flames were established with a M gh degree of 
probability CgHg L%J . Our attempts to apply the method to other hydrocarbons 
flames was unsuccessful. It was impossible to obtain a stationary flame with 
a temperature sufficiently low to prevent a heterogeneous reaction on the sur- 
face of the catalyst. For this 'reason we turned our attention to the study of 
cold flames, where the absence or presence of atomic H is of considerable in- 
terest from the standpoint of the flame mechanism. 

mechanism of cold flames observed with hydrocarbons (excluding methane), 
aldehydes (excluding formaldehyde), and ethers differs from the mechanism of hot 
flames of these substances. The hot flames are characterized by active centers 
consisting of free atoms and simple radicals [\J, All experimental data per- 
talning to reaction kinetic in cold flames and to the . analysis of their reaction 
^products as well, as the results of spectroscopic analysis indicate that the 
col*! flames ^e peroxides .^.:id compounds of the complex 

radical type, • 

T j The results of Gaydon / based on the study of the process NO-hO-^NOo+b K 
lead to the same conclusion. Gaydon's experiments showed that atomic oxygen is 
not present in the inner cone of a hydrocarbon flame. The analysis of the re- 
action products in the inner cone indicates that the mechanism of the reaction 
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taking place there has certain properties common to cold flames. This raises a 
douht as to the validity of the mechanism of low-temperature oxidation of hvdro- 
carbons and aldehydes proposed by Elbe and Lewis A?. The negative results 

in their attempt to detect atomic hydrogen in 
and CH3CH0 flames also lead to the conclusion that atomic gases are not 
present In cold flames. 

* j experimental methods we employed do not differ from those used in the 
study of hot flames. The oxygen enters the displacement flask from the gaso- 
meter and the fuel vapor from a vessel filled with liquid fuel. The rate of 

and^thP^fn®/?®^^^^^ gasometer shows the consumption of oxygen 

and the fuel level in the vessel indicates the consuiiq)tlon of fuel. The c^osi- 

fomul combustible mixtures are determined by means of the following 
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Ifl/ volumes of oxygen ether vapor and aldehyde 

vapor reduced to standard conditions . ^ 

fipp. maximum temperature of the 

flame was 210 - 360 C, the pressure in the reaction vessel iras 15-50 mm of mer 
cu^ and a was O.17-O.73. The maximum flame temperature in thf caL™ ald^ 
hyde (one experiment) was 420 ° C with a pressure of 50 mm and OC = o 39 The 
experiments were conducted in such a way that after a stationary fl^me'was oh- 

■ at vL?ou— Lt^ temperature was measured (by means of both thermo- 

up^e ; at variou. uistauces ^irom the heated end of the combustion vessel 

' ^ pIO cmj . Since the temperature increment A T uVi-joVi 

th^rofth" the read^g of"L coLTtheloc'oS^'a::^" 

fl^e thermocouple, was anticipated to be quite small for th^cold 

flame and since the flow in the stream was not uniform, it was necess^v to ?n 

readings with the oxygen replaced by argon. The difference T = (/t)p -(ZIt) 
was taken as the actual temperature increment. 

20 c ^l'® limits of experimental error, which is 

measuring relatively small volumes of liquid which vary little in Tnniyn-t+ a 
rr„ther. Therefore, we used an indLct L\tor^ic^r:e^\j;:xne“e°^^ 

bustion, V^the volume of fuel vapordeUver^ pL^’uXumMhic'^^®"® 

flctLT^7v°" baLT^" ^ TUT 

1 are the averagrs of rL^n^rawiTcrand temperature in Figure 

tion (T) from tL miowinreSat^on? 


'K^A ~ 
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which is valid for the same temperature increments in tne flame and the same 
reaction tube wall temperature. In each case, the temperature of the wall was 
assumed to be equal to that measured with r-0 (no flame). The heat of combus- 
tinn Qco- 66,760 cal per mole while the helt of combSs! 

thftt Qeth“^60>300 cal per mole. It should be pointed out 

i^tbe «-e far from being the sole products formed 

in the cold ether flame, the actual heat of combustion of ether i.tid e r conditions 
of a cold flame must be less than the her/- of its complete combustion. 


Thus 


the percentage of ether which is burned (reth) varies from 3.35 to 


showing the temperature as a function of 10')' ^ 

which is presented in Figure 2 is^similar to thi an^ogous cSrveeJg/g^h 

It follows that our evaluation of the percentage of burned ether is correct A 
gi^s acetaldehy^ burning undlJ s?miLr“c"n1uions 


=+ assume that for equal reaction velocities (yv) the concentrations of 

atomic hydrogen in cold flames and in the CO flame are the same, we can compute 
he corresponding vali^s of temperature increments A T for cold flames provided 
we know the value of Tv for each experiment with ether and alde^drLnhe 

fSc?^ o?W^forti"‘'crff combustlo 7zone) as a 
irTable 1 ^ ^ ° of such a calculation are presented 


calculated values of 4 T are several times greater than 
^ error (2°). Since our measurements Indicated that within the 

tl"® temperature increment 1^0^^ we mav con 

f'la®®® of diethyl'ether Ld 

acetaldehyde or else its concentration is considerably lower than in a hnf nni'>>nr> 
lonoxide flame (with the same reaction velocity) . l?^„ra™^ha? th^ 

alance of thermo-couples in cold flames approaches the heat balance in the CO 
flame, and if we make use of the ratio oaiance in tne CO 

A $ 0,000 

aorthat^ pressure of atomic hydrogen, we find, by making A’i^^ 


Ph 


< o.oozs;^ 


tion olTSoL' in colff?Les®l^va?ir^'’^® conclusions concerning the concentra- 
-tf’ in coxa ixaraes is valid, we must conclude that the H atoms evan 

do iX Liss s £“ Sr:*’ “* •“ -1= «»y 
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